Forty crossbred gilts were used in three experiments to examine the effects of estradiol on embryo migration. Small, spherical beads of Silastic glue containing either cholesterol or estradiol-17B were used to mimic embryo migration. In the first experiment, 10 cholesterol-and 10 estradiol-impregnated beads were injected into the tip of the uterine horns, either on the same side (n = 5) or opposite from each other (n = 5). The second experiment consisted of a localized release of cholesterol or estradiol and observing migration of cholesterol-containing beads inserted 10 cm anterior and posterior to this site (n = 5). In the third experiment, 10 cholesterol-impregnated beads were injected into either the tip or base of one uterine horn. Additionally, these gilts were exposed to vehicle or exogenous estradiol in a 2 X 2 factorial arrangement of treatments (n = 5). Results of these experiments indicated that cholesterol-impregnated beads migrated further (P<.05) when adjacent to estradiol-eontaining beads than when in an opposite uterine horn. Localized release of estradiol failed to induce movement of beads away from the site of steroid release. Finally, beads inserted at the base of the uterus moved anteriorly following treatment of gilts with estradiol. We suggest from these experiments that the porcine uterine horn cannot discriminate between estradiol-and cholesterol-releasing beads and, further, lacks a coordinated ability to displace adjacent beads. A site-dose dependent mechanism(s) of estrogenic induction of migration may exist such that porcine embryos become bilaterally intermixed following posterior, then anterior, waves of uterine contractions.
I ntroduction
Equidistant spacing of porcine embryos is of paramount importance to fetal survival and is related to birth weights of piglets (Pope and First, 1985) . Embryos become spaced by a complex, and as yet unknown, process of migration and uterine elongation. Between d 7 and 12, porcine embryos can migrate from the anterior tip of the uterus, posteriorly, through the bifurcation and become intermixed with embryos from the other side (Dziuk et al., 1964; Dhindsa et al., 1967) .
Small, spherical beads of Silastic glue, con- Received November 8, 1985 . Accepted March 7, 1986 taining physiological amounts of estradiol-17/3, have been observed to stimulate migration as compared with cholesterol-impregnated beads in control gilts (Pope et al., 1982a) . These observations suggested that estrogen synthesis by the blastocyst (Perry et al., 1976; Heap et al., 1977) might be the signal to activate and coordinate myometrial activity and embryo migration. Using these Silastic-steroid impregnated beads as a model, a number of events in embryo migration can be investigated.
The present experiments were conducted to examine if: 1) the uterus can distinguish between estradiol-and cholesterol-containing beads, 2) a localized exposure to estradiol is sufficient to induce events that result in movement of beads away from this site and 3) the localized effects of estradiol on migration are different from systemic/exogenous exposure.
Materials and Methods
Crossbred gilts, having estrous cycles of normal duration, were monitored for estrous 848 J. Anim. Sci. 1986.63:848-853 activity twice daily (d 0 = first day of estrus). Gilts were assigned to receive Silastic beads in the order they came into estrus. These beads contained either cholesterol or estradiol-17t3 and they were surgically introduced on d 7; the reproductive tracts subsequently recovered on d 12 of the cycle, as previously described (Pope et al., 1982a) . The distance the beads migrated was determined by cutting the uterus open longitudinally and summing the distances between each bead and site of introduction. Tracts recovered at slaughter (Exp. 1) or hysterectomy (Exp. 2 and 3) remained at room temperature for 1 h before dissection to reduce variation in postmortem uterine length (Wu and Dziuk, 1984) .
Exp. I. Five gilts received 10 beads impregnated with cholesterol and 10 with estradiol-1713 into the same uterine horn. Five additional gilts received 10 cholesterol-impregnated beads into one uterine horn and 10 estradiol-impregnated beads into the opposite horn. In this experiment, beads were identified by being color-coded either red or black and color of the beads was appropriately randomized. Beads were introduced into the lumen of the anterior tip of one uterine horn (2 to 4 cm posterior to the utero-tubai junction) and transfer medium introduced similarly into the opposite tip in gilts receiving beads in only one side. The distance the beads migrated was compared by use of a split-plot analysis of variance. Means were compared by use of a least significant difference test.
Exp. 2. Ten gilts were assigned (n = 5) to receive either 10 cholesterol-or 10 estradiol-17/J-containing beads just under the serosa of one uterine horn. Beads were inserted mid-way down the uterine horn at an antimesometrial site not exceeding .5 x .5 cm 2. In a preliminary trial, insertion of cholesterol-impregnanted beads failed to distend/irritate the exteriorized uterus sufficiently to initiate waves of contraction during a 20-rain monitoring period. Each gilt subsequently received 10 cholesterol-containing beads intra-luminally; five beads were placed 10 cm anterior to the serosa trapped beads and five beads were injected 10 cm posterior to this site (figure 1, top). Beads, which were placed intraquminally, were color-coded as in Exp. 1 for purposes of identification.
The distance the beads migrated was compared by use of an independent t-test. Additionally, the direction, anterior or posterior, of the distance traversed was compared by assign- . Five cholesterol-releasing beads were subsequently injected into the uterine lumen (arrow) 10 cm anterior (solid-slash) and posterior (solid) to the serosal beads. Beads were color-coded and appropriately randomized (top). Luminal beads theoretically could be displaced away from the estradiol-releasing beads (bottom).
ing a negative or positive distance, respectively, and compared by use of a split-plot analysis of variance. The frequency of beads located posterior, between or anterior to the injection sites, was compared by use of a three-way contingency test for independence (Sokal and Rohlf, 1969) .
Exp. 3. Twenty gilts were assigned to a 2 x 2 factorial arrangement of site of bead injection (tip or base of a~ uterine horn) and corn oil (vehicle) or exogenous estradiol-!73. Each gilt received 10 cholesterol-containing beads intraluminally, either into the anterior tip of a uterie horn, as before, or into the base (external bifurcation) of one uterine horn. Control injections of medium (tip or base) were also appropriately conducted. The dosage of estradiol-173 given from d 7 to 12 was .5, .5, .5, 2.0, 8.0 and 8.0 mg'gilt -i'd -1, respectively. These dosages were extrapolated as efficacious effects of estradiol-17/3 on embryo survival (Pope et al., 1986) and attempted to mimic, in part, the elevated estrogenic exposure of the uterus coincident with embryo migration. In that study, exogenous estradiol exposure on d 9 and 10 or 12 and 13 resulted in d 30 fetuses distributed throughout the uterus. Gilts received one 1-ml im injection each morning and were hysterectomized on d 12 in the afternoon.
Distances migrated were compared by use of an analysis of variance. Means were compared by use of a protected least significant difference test. 
Results

Exp. 1.
Results from this experiment indicated that the uterine horn could not distinguish between estradiol-17F and cholesterol-releasing beads, as both migrated down the uterine horn when initially injected together (side x steroid interaction, P<.05; figure 2 ). This intermixing of cholesterol-and estradiol-impregnated beads further supports the inability of the uterus to discriminate between those beads inducing the stimulus for migration and those that were deficient. Estradiol-impregnated beads, when placed alone on one side, migrated the same distance as the estradiol-and cholesterolcontaining beads cohabiting a uterine horn. However, the cholesterol-impregnated beads, when isolated to one uterine horn, failed (P<.05) to migrate as far as similar beads adjacent to estradiol-containing beads (table 1).
Exp. 2. Results from this experiment sug-
gested that the estradiol effect associated with increased migration was not sufficient to move cholesterol-impregnated beads apart (figure 1, bottom), as recovered beads were dispersed randomly about the injection sites ( figure 3) .
The distance the intra-luminal beads migrated was not different, nor was the direction of migration different between gilts with either cholesterol-or estradiol-containing beads trapped under the serosa. Although nonsignificant, there were indications (steroid • location x array interaction, P<.10) that the effect of the estradiol-releasing beads was to induce an anterior direction of migration (table 2). Exp, 3. The effect of exogenous estradiol was to induce anterior migration (figure 4). Cholesterol-impregnated beads, when introduced at the base of the uterine horn, migrated farther (P<.05) than when placed at the tip of estradiol-treated gilts (table 3) . This effect of exogenous estradiol was also evident by the observed greater migration of beads placed at the base of the horn of vehicle-vs estradioltreated gilts (P<.07). The presence of beads from estradiol-treated gilts in the opposite uterine horn (figure 4) suggested that the coordination of anterior contractions may be incomplete.
Discussion
Results from the first experiment suggested that the uterine horn was indiscriminately activated by the presence of estradiol-releasing beads, resulting in activities that induce all adjacent beads within that horn to migrate posteriorly (figure 2). Morphologically moredeveloped blastocysts are associated with more estradiol in the uterine flushings (Ford et al., 1982) , suggesting that these embryos are important in initiating the events of migration. Anderson (1978) observed that the morphological stage of a blastocyst is highly correlated with its protein content and that the protein content of recovered embryos was similar throughout the length of the uterine horn. Using beads to mimic embryo migration, the present results agree with the distribution of embryos within the uterus such that all embryos are displaced and migrate similarly. Furthermore, results from an asynchronous transfer model (Pope et al., 1982b ) support this phenomenon because older embryos failed to migrate further than younger embryos in the same recipient.
The hypothesis, first proposed by B6ving (1971) using the rabbit, that adjacent embryos migrated apart as a result of activated myometrial function (figure 1, bottom) was examined in the second experiment. Utilizing a model in which estradiot was released locally resulted in a random distribution of cholesterol-impregnanted beads (figure 3). Perhaps the limitations of this model precluded support of this hypothesis. However, the tendency of estradiol exposure to induce anterior migration of the beads was supported by the third experiment (figure 4). Croker and Shelton (1973) proposed that estrogen initiated uterine contractions towards the oviduct.
Furthermore, continuous estrogen treatment to estrous ewes maintained anterior contractions and delayed the normal posterior reversal observed during the luteal phase (Hawk, 1975) . Obviously, for porcine embryos to become bilaterally intermixed (Dziuk et al., 1964) , they must migrate posteriorly, pass each other, then continue migration in either direction. Such a pattern of random mobility was sustantiated in the mare (Ginther, 1983) . Perhaps this differential response of uterine contractions to the site of estradiol exposure might explain this intermixing phenomenon.
Estrogenic induction of bead/embryo migration may result from either a random activation of the uterine musculature or a dose-site dependent posterior movement followed by intermixing, perhaps at the bifurcation of the uterine horns, then anterior relocation. The inability of cholesterol-impregnated beads to migrate posteriorly in estradiol-treated gilts (figure 4) may refute some aspects of the former hypothesis. Alternatively, as embryonic synthesis of estradiol begins, a local interaction with uterine activity may initiate posterior migration, then reverse to anterior migration as the entire uterus becomes exposed to estrogens. This latter hypothesis may be further supported by the gradual termination of anterior migration as d 12 and 13 blastocysts can not be displaced (Polge and Dziuk, 1970) . This "descend, mix and reascend" hypothesis may be too simplistic, as the uterus may lack such discretion and achieve intermixing during uncoordinated waves of posterior-, then anterior-directed contractions.
